Introduction
PBL, which supports learning by using problems encountered in daily life, helps individuals find appropriate solutions for these problems using different methods. Information learned in an educational or training process can be made more meaningful and enduring when it is Students' Opinions About Problem-Based Learning (PBL) and Scenario Applied in Teaching Electrochemistry
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The purpose of chemistry education is to ensure that individuals are able to establish connections between topics in chemistry and daily life, query problems encountered and reach solutions using scientific methods (Tan and Temiz 2003) . The Analytical Chemistry course within the undergraduate program of Chemistry is also important in helping students to gain these qualifications and skills, because it includes problem-solving stages such as analyzing a problem, identifying possible variables, doing an experiment, obtaining data, establishing relations with variables by analyzing experimental data, offering solutions and testing the quality of solutions (Say 2009 ). Electroanalytical methods are widely used in the analyses of environmental samples, the quality control of industrial products and various biomedical fields. The specific topic of electrochemistry, based on electroanalytical methods, is, however, known to be a topic that students have difficulties in understanding because it contains concrete concepts, intensive mathematical calculations and interpretations (Akram et al. 2014 , Cullen and Pentecost 2011 , Obomanu and Onuoha 2012 , Rahayu et al. 2011 , Rogers et al. 2000 , Sanger and Greenbowe 1997 . It has been considered that PBL, the basic philosophy of which is to allow students to gain problem-solving, research, inquiry and evaluation skills and to make them into active learners, will be appropriate for teaching Analytical Chemistry and that in this manner students will more easily understand the topic of electrochemistry (Tunc 2015) . In addition, there are numerous studies concerning students' opinions upon PBL and case-based learning derived from this approach in the literature. In the study of Mandeville et al. (2017) , they investigated that the effect of PBL concerning undergraduate Kinesiology course on the students' oral communication competencies. In the result of this research, they concluded that collaborative learning in PBL approach improved students' oral communication competencies. In the research of Cresswell and Loughlin (2017) , they concluded that a case-based scenario with an interdisciplinary guidedinquiry experience in chemistry and biology courses enabled the undergraduate forensic science students to have positive opinions especially about group work and the students expressed that the developed and implemented scenario was more interesting. In their research, Eveillard et al. (2017) concluded that Master's students expressed positive opinions about that they participated actively in the group work and group work facilitated interpersonal communication in PBL approach concerning antibiotic exposure and bacterial resistance in human and veterinary medicine.
In their research of Tarkın and Uzuntiryaki-Kondakcı (2017) , they concluded that the secondary school students had positive opinions about that chemistry lessons were more interesting and enjoyable via case-based instruction concerning the topic of electrochemistry. In this research, some students also expressed negative opinions such as that the method was unfamiliar. In the study of CanturkGunhan and Baser (2009), they implemented PBL in the mathematics course and they investigated the opinions of primary education grade students concerning PBL. They concluded that students had positive opinions concerning that PBL enabled them to associate mathematics with daily life, to learn, to gain problem solving, communication, cooperative working, interpretation skills and to do research. In the research of Musal et al. (2003) , they concluded that the undergraduate medical students and tutors had positive opinions about PBL's effectiveness such as gaining clinical reasoning, communication and problem solving skills.
Therefore, it is considered that as learning material is related to students' daily lives, the students can find the scenario more interesting and enjoyable during application process and participate actively in the course. In addition, this kind of the study could make a significant contribution to the chemistry education literature concerning electrochemistry topic in terms of developing scenarios and taking students' opinions about the developed scenario could provide an insight for creating and widening the scope of such a daily life scenario in the future studies. Within this context, developing a scenario associated with daily life while also concerning electrochemistry, and assessing students' opinions about this scenario and the PBL sessions given both have an importance. The aim of this study was thus to answer the question: 'What are the opinions of students concerning a PBL scenario developed and PBL sessions oriented towards the topic of electrochemistry within an Analytical Chemistry course in an undergraduate chemistry program?'. One sub-question was as follows: 'Do the students have any opinions relating to designing a different scenario or other materials for this topic?'.
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Materials and Method
The Study Group
The study group consisted of students who were studying in the fourth year in the Department of Chemistry Education, Secondary Science and Mathematics Education, Faculty of Buca Education, Dokuz Eylul University (N=15). All of the students had similar backgrounds. They had attained similar scores on the exams conducted by student selection and placement center and were socioeconomically similar. The ages of the students were in the range of 18-21. A PBL scenario about 'electrochemistry' topic consisted of four education sessions in total and was prepared and implemented, taking into account the views of four analytical chemistry and pedagogical experts (Gunter and Kılınc Alpat 2017). The information concerning the developed scenario titled 'Wow, Emre, Wow!' are given in Appendix 1. This study was conducted in the fall semester of the 2015-2016 academic year. All students' opinions were taken after being informed about PBL scenario developed and its education sessions.
Data Collection Tools
Structured Interview Form
The students' opinions relating to the PBL sessions and scenario were gathered using a structured interview form consisting of 13 open-ended questions. Furthermore, two questions tried to determine how students would themselves design a scenario or different material concerning the relevant topic. Data was evaluated by content analysis. These open-ended questions were developed by taking opinions of four both pedagogical and chemistry experts.
Data Analysis
In the content analyses of the data collected by structured interviews, categories were formed and evaluations were made in accordance with these categories and then revised after six months by two researchers and the percentages of agreement of the categories were found. For the reliability of data, the coding consistency of these categories created separately by two researchers was examined. 
Results and Discussion
Results Concerning Students' Opinions about the PBL Education Sessions
The content analysis of students' opinions concerning the questions "Do PBL sessions have any positive and negative aspects?" and "Are the sessions appropriate for the specific knowledge to be acquired?" is given in Table 1 . Some students' comments about the sessions are also given in Table 2 . As seen in Table 1 and Table 2 , all students expressed positive opinions: (Table 3) . In general, when the opinions of students are evaluated, it is seen that all students expressed positive opinions, such as the idea that all four education sessions were Some students answered the questions "What do you think about how these sessions can be developed?" and "Could anything be added to or subtracted from them?" as follows 
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have the opportunity to choose between two substances, and that the scenario be supported by visual aids or a short film:
Results Concerning Students' Opinions about the Scenario
The results of the content analysis of the open-ended questions about the scenario are given below ( 
Establishing a connection with electrochemistry on the basis of the effect of matches on the metabolism, Poisoning of Emre from potassium chlorate as a result of eating matches Some comments of students are given in Table 5 . Evaluating the opinions of students in general, it can be determined that the name of the scenario was thought to be interesting and appropriate, the scenario was associated with daily life, it offered guidance for research, was comprehensible and edAs seen in Table 4 , the majority of students expressed positive opinions about the scenario. The majority of students did not make any suggestions concerning the name of the scenario, while six students suggested that the scenario could alternatively be named 
Results Concerning Students' Opinions about the Scenario and Designing Material Appropriate to the Topic
The suggestions given by the students to the questions "How would you write a scenario appropriate to the topic of electrochemistry?" and "How would you design different materials appropriate to the topic of electrochemistry?" are indicated in Table 6 . As seen in the comments, the students made very creative scientific suggestions for writing a scenario and designing material about the topic of electrochemistry. The students made suggestions for scenarios concerning health, chemical substances used in the plastics industry, the desire to eating soil in patients with iron deficiencies, the explosion of tankers carrying explosives in the sea, chemical fertilizers used on plants, involving finding different substances besides matches as the cause of substance intoxication, the death of an individual who took medications with coca-cola without drinking any water, connecting the severity of brain cancer with the oxidation state of iron, fires in mines, air pollution, the field of health, and positive and negative polarities. They also suggested demonstrating the association of these events with daily life by carrying out ucational, was appropriate for the topic of electrochemistry, the stages of the scenario were well followed-through and had a fluid nature and the topic was memorable. The disadvantages of the scenario were said to be that it lasted too long, having difficulties in some mathematical calculations, students were unfamiliar with the method, the diversity of the scenario's concerns and difficulties with the names of diseases:
In the study of Akınoglu and Tandogan (2007) , the PBL students expressed that the scenarios were enjoyable, they spent a very good time by both having fun and learning, they liked to add their own ideas and discuss within groups. In addition, in the research, it was pointed out that PBL also have some limitations concerning time-consuming, requiring rich material and research. In the study of Canturk-Gunhan and Baser (2009), the secondary school students expressed positive opinions about the developed scenarios should be interesting, appropriate to their grades, in association with their daily lives in PBL approach. In the research of Wright et al. (2014), they concluded that the majority of undergraduate students in pharmacy education expressed that PBL enhanced their ability to manage their own learning. In the research of Arı and Katrancı (2014), they investigated the opinions of student teachers in mathematics education concerning PBL application. The results showed that the majority of student teachers expressed that PBL and preparing comprehensive PBL scenarios were difficult and time-consuming but these problems could help to raise students as real problem solvers in their future lives and could attract their attention. In addition, the majority of students also expressed that they would use PBL. In the research of Baysal (2017), she implemented PBL in social studies education for pre-service elementary school teachers. The result of this research indicated that most of the students expressed positive opinions regarding PBL in terms of learning, democracy education and skills acquisition and one student had negative opinion such as that PBL was unproductive.
In addition, in this research, especially for the results of memorable parts of the topic of electrochemistry in the developed scenario, it was determined that the students' responses were more comprehensive and scientific. Some examples of their responses are as follows: (Fe 2+ ) to the ion of iron (III) (Fe 3+ ). On the other words, the substance gives up an electron. In 
"The redox reactions include the reactions of oxidation and reduction. In this scenario, the reaction of oxidation is the oxidation of the ion of iron (II)
Suitability of the Scenario to the Topic of Electrochemistry
"The equilibrium in the body showed the presence of electrochemistry." (S6) "We have seen that the electrochemistry contributed to a health problem and what problem resulted in." (S10) "It is not appropriate." (S13) (Negative)
Quality of the Scenario
"It was very compatible with analyses and tests which we all have performed in our daily lives." (S7) "It has managed to draw our attention with an example from daily life." (S13) "The usage of matches may be lower because matches have today been replaced by lighters." (S9) (Negative)
Stages of the Scenario
"They were sufficient and there weren't any negative aspects. The best aspect was that they were intriguing and encouraged us to do research." (S4) "I think the stages given in the material were sufficient. There weren't any inadequate parts. I think it was also good that the kid didn't die." (S9) "It would be better if the teaching period for this scenario was extended over three to four weeks" (S5) (Negative)
Advantages and Disadvantages of the Scenario
"It showed that we can deal with the problems in an example from daily life. It provided information to be remembered." (S6) "It has shown that we can overcome problems as we investigate and consider what problems will be encountered. The advantage of this material is that it contributes to our comprehension and understanding of the topic. Redox reactions -an ordinary chemistry topic-were introduced in a different way and this drew our attention." (S10) "Taking a long time was a disadvantage." (S3) (Negative) "If the material doesn't appeal to everyone's interests it can be disadvantageous." (S15) (Negative)
Parts Students Had Difficulty Understanding "No, there weren't any. Everything went very fluently and was comprehensible." (S1) "There weren't any. It was easier to understand the topic with this material." (S11) "I had difficulty with some mathematical calculations in electrochemistry."(S8) (Negative) "I had difficulty only with the names of diseases." (S14) (Negative) 2012, Kurt and Ayas, 2012 , Lopes et al. 2011 , Nazri et al. 2012 , Schaber et al. 2011 , Tarhan and Sesen 2013 , Tatar 2007 , Tosun 2010 , Tosun and Taskesenligil 2013 , Yadav et al. 2014 .In the study of Belt et al. (2002) , they concluded that the undergraduate students had positive opinions regarding developed scenarios in the analytical chemistry course. They stated that they enjoyed solving unfamiliar problems, working with others, thinking logically and critically, communicating their own ideas and linking between theory and practice. In the research of Flynn and Biggs (2012) , the undergraduate students stated that PBL took more time and had work load. They also stated that they learnt more using PBL method in the synthetic organic and medicinal chemistry laboratory course.
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Implications
According to this research and the experiences acquired during its delivery, it can be said that this scenario, prepared for PBL of 'electrochemistry' in the Analytical Chemistry course can be effective. The usage fields of glass membrane pH-electrode, pCO 2 -electrode and pO 2 -electrode and especially their usages in the analyses of blood gases could be added to the scenario (Severinghaus and Astrup 1985) . The substance Luminol, used in the forensic analysis of blood, glows with a bluish color in a basic medium including an oxidizing agent such as hydrogen peroxide tours and using models. In addition, they made suggestions for designing materials for the topic of electrochemistry so that the material could include visual, computer-supported and documentary information. They suggested investigating diseases which may cause iron deficiency in the blood, producing animated films, producing a battery and making a model showing the working principles of batteries, making a model of a longer-lasting phone battery, a model of the salt bridge with metallic plates and using materials from the natural environment. However, two students also indicated that the material provided was understandable, clear, and interestingly designed:
Conclusion
In this study, the aim was to gather students' opinions about the PBL scenario and the sessions of PBL given in order to teach electrochemistry. The results showed that the students had positive opinions concerning both the scenario and the sessions of PBL. They thought they were interesting, memorable, associated with daily life, comprehensible and educational, and that they led to further research. Besides the positive opinions, it was determined that some also had some negative opinions such as having different concerns, difficulties in terms of the names of diseases, and that the method was unfamiliar. These findings are supported by the studies in the literature (Akpınar and Ergin 2005, Ince Aka and is a catalyst and highlights the traces of blood which is not otherwise seen. The ions of Fe (+2) included in the structure of haemoglobin in the blood catalyse the oxidation of Luminol to aminophthalate as a result of the reaction of Luminol with hydrogen peroxide (Semerci 2014) . In the scope of the scenario, additions could be made to cover this kind of reaction. The visual aspect could be increased by the addition of cartoons and pictures to the scenario. Computersupported PBL applications could also be considered in terms of increasing visuality. As well as drawing these implications from students' suggestions, be new scenarios could be made, which would, for example, emphasize the links between the natural environment and biochemistry, make connections with explosive materials, looking at further health issues such as the connections between iron deficiency and soileating behavior, and looking at environmental pollution. The topic of the scenario was prepared on the grounds that a five-year old boy called Emre poisoned himself by eating matches secretly and was taken to the emergency service of a hospital with the symptoms of vomiting, diarrhea, respiratory distress and bruising. The developed scenario consisted of four education sessions and the first, second and third education sessions included four sections and the last education session included one section. The main theme of this scenario was based on considering the fact that the students found out that the matches contained a high concentration of potassium chlorate and the ion of chlorate () converted the (+2)-loaded iron atom in the structure of haemoglobin to the (+3)-loaded iron atom on the basis of the Emre's diseases of methemoglobinemia, hyperkalemia, cyanosis and acidosis and they reached to the related redox reaction of the ion of chlorate () and the ion of (+2)-loaded iron and measured the electrode potential and the Gibbs Free Energy of this reaction (Gunter and Kılınc Alpat, 2017) .
In Education Session I; the students were given the results of the analyses of blood biochemistry, blood gas and urinalysis, electrocardiography and ultrasonography of Emre. They did research about the changes of the normal values and tried to determine what Emre's disease was. In Education Session II; doctor found out that methemoglobinemia, hyperkalemia, cyanosis and acidosis were taking place in Emre and started the appropriate treatment and also in this session it came to light that Emre poisoned by matches. The students gained information concerning these diseases and the substances included in matches after their researches, discussions and brainstorming. In Education Session III; students learned about the redox reaction of the ion of iron (II) and the ion of chlorate () and in the last education session they also learned about the extra treatment methods such as conventional hemodialyses and hyperbaric oxygen (Gunter and Kılınc Alpat, 2017). In addition, there are two activities in the scenario for the students to calculate the electrode potential of an electrochemical cell and to calculate the electrode potential of a redox reaction based on the solubility product constant. In the first activity, as a result of an explosion occurring in an automotive plant, a high concentration of hydroxylamine was mixed into the city's water supply and a high concentration of iron (II) ion was formed. Therefore, the purpose of this activity was that the students determined the related redox reactions and calculations of the electrode potential of these reactions. In the second activity, a high concentration of lead was found in the samples of mussels taken from Sinop and from the point where the waste materials from the Hopa Copper Enterprises in the Eastern Black Sea. Therefore, the purpose of this activity was that the students calculated the electrode potential of the solid lead iodide which has occurred in the sea (Gunter and Kılınc Alpat, 2017). In Education Session IV, the students learned some information concerning Emre's final condition and created a flowchart of the scenario for the general review. In this last education session, they discussed again the relevant topic in general (Gunter and Kılınc Alpat, 2017).
